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The establishment of the model 

We don’t take the heat of hot water in the bath into consideration, firstly. Then, the heat loss of 

water in the bathtub per unit time ( SQ ) is as follows: 

S
d

T
kTThAQ awS


 ][

                     (4)
 

The heat which the water contains Per unit time l ( iQ ) is as follows: 

faucetfaucetwwi AvTCQ 
                     (5)

 

Where v  is the speed of the water in the faucet. And 2aAfaucet   

We take the condition into consideration that the water just full of the bath, when people enter 
the bathtub. And the excess water will be run out from the bath when we add the hot water into the 
bathtub. The displacement of the water per unit time is equal to the speed of hot water multiply the 
cross-sectional area of the faucet.  

Unit time from the heat of hot water are as follows: 
The displacement of the water per unit time is 

faucetwwwp AvTCQ 0
                      (6)

 

 
Because the temperature of the bathtub is constant, so the heat in the bath is. So the heat the 

water contains per unit time should be equal to sum of the heat loss of water in the bath and the heat 
output, i.e. 

pSi QQQ 
                             (7)

 

So  
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        (8)
 

Simplify the equation, we can get a function about the speed of water and the crock radius and 
length of the bath  
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(9) 

Solution of the model 
The objective function is the minimum v  in the equation (15). The equality constraint 

conditions is the volume of bath crock, and the actual size of the bathtub. The nonlinear 
programming model is: 

2 20
0

0

3 2

[ ]
( 2 )[ ] ( 2 )

min
( )

2 1

3 2
. . 0.7 0.8

1.4 2 1.9
0, 0.2

w a
w a

w w faucet w faucet

T T
h R Rl T T k Rl R

dv
C T T A

R R l V

s t R

R l
R l

  



 


   




  


 
            (10)

 

Where the temperature of the water in the faucet is 55 ; the volume of the bathtub is 800L.℃  
We can get the minimum speed of the water is  
v=0.0311m/s 
So the size of the bathtub is 
R=0.7m, l=0.2m  
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We consider the effect of the temperature of the water in the bathtub when we add bubble into 
bathtub. We can merely modify the speed function, so  
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We can get the minimum speed of the water when we add bubble into bathtub  
v=0.028m/s 
So the size of the bathtub is 
R=0.7 m, l= 0.2m 

Sensitivity analysis 

In this model, the initial temperature of the water in the bathtub is known by us. Changing it, we 
analysis the influence of the parameter on the smallest water velocity and the best size. We let the 
parameter changes within plus or minus 5%. 

Change the initial temperature of the water, the results are  
Table 2 

 

error 
0 42wT C   0.0311 /v m s  sensitivity 

1%  42.42 C  0.0329m/s -5.79% 

1%  41.58 C  0.0294m/s 5.47% 

The initial temperature change , the speed change below 5.79%,  
In conclusion, the model is robust 
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